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▪ Automatic speech recognition 

(ASR) for under-resourced 

languages has been a challenging 

area

▪ Universal phone-based 

multilingual training and adapting 

is an effective method for neural 

network-based model

▪ Some tone recognition 

experiments have done in the 

past, but few experiments have 

addressed the cross-tonal effects 

in ASR study

Introduction
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Example of unversal phone-based 
multilingual adaptation scheme



▪ Training languages

– Mandarin from 1997 Mandarin Broadcast News Speech corpus

– Cantonese, Vietnamese, Javanese, Swahili and Turkish from BABEL 

speech corpus

▪ Testing languages

– Lao and Zulu from BABEL speech corpus

– English from TED-LIUM dataset

Data
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▪ Audio time distributions for training languages in hours

– Each of dev and test sets are composed of 800 utterances 

▪ To simulate under-resourced condition, audio data is limited to 1 hour for 

training, development and testing set for all testing languages 

Data
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▪ Preprocessing of audio data

– 40-dimensional log Mel filterbank features are used

– 25 ms Hamming window with 10 ms shift over each audio segment

– Z-normalization is performed over each speaker

– 40-dimensional log Mel fiterbank features + F0 are currently training

▪ Preparation of phonetic transcriptions

– LanguageNet Grapheme-to-Phoneme (G2P) transducers are used 

to convert provided grapheme transcripts to phoneme transcripts

– Phoneme transcripts are International phonetic alphabets (IPA)-

based phones 

Data
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▪ CTC-based Acoustic Modeling

– Encoder learns acoustic features

– Maximum likelihood sequences over outputs

– Loss objectives

ℒ𝑚𝑙𝑒 = − ෍

𝑦∈ 𝑆

log 𝑝 𝒚 𝑿 = − ෍

𝑦∈|𝑆|

logෑ

𝑡=1

𝑛

𝑝(𝑦𝑡|𝒙𝒕)

– Outputs collapsed blank symbol and duplicated 

characters

• aa-- → a

• a-aa → aa

Model
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▪ Multi-task learning

Model
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Input

Encoder

Last layer of encoder

Phone Tone Joint 

Input

Encoder

Last layer of encoder

Phone Tone 

Input

Encoder

Last layer of encoder

Joint 

𝑀𝑜𝑑𝑒𝑙 1 𝑀𝑜𝑑𝑒𝑙 2 𝑀𝑜𝑑𝑒𝑙 3

ℒ1 = ℒ𝑐𝑡𝑐_𝑗𝑜𝑖𝑛𝑡
ℒ2 = ℒ𝑐𝑡𝑐_𝑝ℎ𝑜𝑛𝑒 + ℒ𝑐𝑡𝑐_𝑡𝑜𝑛𝑒
ℒ3 = ℒ𝑐𝑡𝑐_𝑝ℎ𝑜𝑛𝑒 + ℒ𝑐𝑡𝑐_𝑡𝑜𝑛𝑒 + ℒ𝑐𝑡𝑐_𝑗𝑜𝑖𝑛𝑡



IPA-based tones
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https://en.wikipedia.org/wiki/International_Phonetic_Alphabet_chart


▪ Example of IPA-based tone letters used in training and testing 

languages 

Model - adapting IPA-based tones
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Man Descriptions Can Descriptions Viet Descriptions Lao Descriptions

a ˥ High level a ˥ High level a ˧ Ngang; mid level a ˩ Low level

a ˧ ˥ mid-rising a ˧ Mid level a ˧ ˥ Sac; mid-rising a ˧ Mid level

a ˨ ˩ ˦ Low-dipping 
rising

a ˨ Low level a ˧ ˨ ʔ Nang; mid-falling a ˥ High level

a ˥ ˩ Falling a ˧ ˥ Mid-rising a ˨ ˩ h hoi; mid-falling a ˩ ˧ Low-rising

a ˨ ˩ Low-falling a ˨ ˩ ˨ Huyen; low-falling a ˥ ˧ High-falling

a ˩ ˧ Low-rising a ˧ ʔ ˥ Nga; mid-rising a ˧ ˩ Mid-falling

ʔ Stop glottal

h Stop glottal



IPA-based phones
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Model- adapting IPA-based phones
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▪ Denote the fully connected weight matrix as 𝑊 ∈
𝑆 × 𝑑, where 𝑆 is the size of output label set 

and 𝑑 is the hidden dimension of weight matrix. 

▪ 𝑊𝑘 =

σ𝑗=1
𝑛 𝑊𝑗𝑘

σ𝑗=1
𝑛 𝟙𝑘∈𝑆𝑗

𝑖𝑓 σ𝑗=1
𝑛 𝟙𝑘∈𝑆𝑗 ≠ 0

σ𝑗=1
𝑛 𝑊𝑗𝑘′

σ𝑗=1
𝑛 𝟙𝑘′∈𝑆𝑗

𝑒𝑙𝑠𝑒

– 𝑘: adapted phone

– 𝑘′: the closest phone of 𝑘

– |𝑆𝑗|: output label set for training language 𝑗

– 𝑛: number of training languages

▪ Example of closest phone pairs (a, a:) and (ʌ, ɔ)



▪ Sample output label for three multi-task learning tiers

– For a single vowel, a ˧ ˥

• Phone tier: single phone without tone letters (a)

• Tone tier: tones assigned to this vowel (˧ ˥)

• Joint tier: complex units combined phone and tone letters (a˧˥)

– For a consonant, b

• Phone tier: single phone without tone letters (b)

• Tone tier: consonants are treated as word boundary 

(<sym_boundary>)

• Joint tier:  same as the phone tier (b)

Model
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▪ Experimental setup

– CTC model was implemented on the eXtensible Neural Machine 

Translation Toolkit (XNMT) via the framework Dynet

– Encoder: 3 layers of bi-directional pyramidal LSTM with hidden 

dimension 512

– Optimizer: Adadelta with learning rate 0.004

– Early stopping criteria was used to select the best model

– Beam width: 25

▪ Baseline adapted model

– Kept the original CTC model and trained it on 1 hour limited data

– Reduced hidden dimension from 512 to 2 or 4

Experiments
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▪ Output error rates

Results
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▪ Visualizations of hidden vectors from CTC output weight matrixes based 

on best path search results for all three multi-task learning tiers in 

Model3

▪ Principle component analysis (PCA) are used to reduce hidden 

dimension from 512 to 50, then t-distributed Stochastic Neighbor 

Embedding (t-SNE) is used to cluster reduced vectors

Discussions
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▪ Phone tier: vowels

Discussions
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▪ Phone tier: consonants

Discussions
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▪ Tone tier

Discussions
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▪ Joint tier: single vowel with different tones

Discussions
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▪ Joint tier: single tone with different vowels

Discussions
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▪ Improve phone error rates for consonants

▪ Methods of utilizing decoding sequences, such as combining vowels 

and consonants

Future work
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Thank you!
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